Portable electrical power sources play increasingly vital roles in our daily lives due to the widespread use of mobile electronic devices and electrical vehicles. Electrochemical capacitors, also referred as supercapacitors (SCs) or ultracapacitors, are an important type of energy storage system with superior advantages of rapid power delivery and recharging compared to other types of energy storage systems. In practice, SCs have played important roles in areas such as engine stop-start systems, regenerative braking of a car, and trams start up. Therefore, SCs have drawn great attention from both academia and industry.
However, SCs, the operation of which rely on the surface adsorption/desorption of ions (EDLC) or surface redox reaction (pseudo capacitance), still suffer from low energy density compared to competitive battery technologies. The improvement of energy density of SCs requires concurrently enhanced cycle life, processing feasibility, safety, and competitive cost. To achieve these targets, the development of SCs should be based on a combination of solid understanding on the electrochemistry of the materials involved, innovative industrial design, and processing technology. SCIENCE CHINA Materials organizes this thematic topic as "Innovative Electrode Materials for Supercapacitors" to demonstrate the most recent advancements and challenges in the field of SCs, especially in the area of electrode materials, the key components of a SC.
Material structure of a SC electrode material is a key factor that affects the device electrochemical performance. A porous structure favors the transport of electrolyte ions and charge, and the porous structure creates rich active sites for electrochemical reactions in SCs. It is not surprising that many efforts have been made to tailor the structure of electrode materials to optimize their porosity and pore size. Metal organic frameworks (MOFs) as a new category of porous materials with tunable pore sizes by adjusting ligands and metal ions used are promising candidates for the electrode materials of SCs. Liu et al. reviewed the recent advancements in MOFs and their derivatives based electrodes for SCs.
Besides the fundamental science, the development and application of SCs are cost sensitive. Green and sustainable materials made from biomass materials have the potential to reduce material cost. Meanwhile, biomassderived carbon materials show merits of structural diversities, adjustable physical/chemical properties, low price, and environmental friendliness; thus, many researchers have studied these materials. Fan et al. has reviewed biomass-derived carbon materials as electrode materials for SCs.
Various transition metal oxides and hydroxides have been extensively studied as electrode materials for SCs because of their fast and reversible Faradaic process occurring at the interface between the oxides/hydroxides and electrolyte, providing specific capacitance ten times higher than that of EDLC. However, the low electrical conductivity and surface limited reaction of these materials require a rationally designed nanostructure to optimize the electron conduction path and enhance the surface area. Pang et al. provided a summary of the recent progress of hierarchically nanostructured transition metal oxides for SCs. Two research papers about transition metal oxides and hydroxides as electrode materials for SCs are also included. Li et al. reported their results of layered double hydroxides for enhanced pseudocapacitance, and Wang et al. studied NiCu layered double hydroxide nanosheets with enhanced energy storage performance.
Recently, research on flexible and stretchable electronics is a very hot research topic in the academic community, and this research is expected to be very useful in many new application areas. Nevertheless, finding a sui table power The range of electrode materials for SCs in this thematic issue is diverse. Although different types of electrode materials for SCs have been proposed, in-depth understanding of the electrochemistry involved in the energy storage process is of high importance to facilitate the research and development of SCs towards commercialization. The commercialization will highly rely on the close research collaboration between material design and synthesis, theoretical simulation, multi-scale structure characterization, and rigorous device performance evaluation. Promising materials produced in lab-scale also need to consider their scalability and compatibility with downstream processing technologies in large scale production. This special issue sheds light on the research advancement in the area of SCs towards these important endeavors.
